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Mediterranean small mammals and insular syndrome: 
Biometrical study of the long-tailed field mouse 
(Apodemus sylvaticus) (Rodentia-Muridae) of Corsica 


Roland Libois, Roger Fons & Dominique Bordenave 


Abstract. The presence in Corsica of a field mouse is well known. Several authors have 
noted some of its morphological peculiarities but it was only recently (1980) that the 
presence of A. sylvaticus was established with certainty. However, this evidence is based 
on a check of a limited number of individuals originating from a single locality. In order 
to generalize these observations, we performed a biochemical test on six Corsican mice 
caught in three distinct localities and a morpho-biometrical study of 491 skulls. The results 
show that A. sylvaticus is spread all over the island and that A. flavicollis is probably ab- 
sent. No sexual dimorphism was found but strong spatial variations in the cranial 
measurements were evidenced. These are far less important between the various Corsican 
sub-samples than between the insular and the continental mice. The evolutionary and 
adaptive significance of the increase in size of insular mice is discussed in relation to the 
theory of island biogeography and to the present knowledge on the history of the mam- 
malian settlement of the island. 


Key words. Mammalia, Muridae, Apodemus, Corsica, insular syndrome, competition, 
evolution, size increase. 


Introduction 


For many insular communities, the so called “insularity syndrome” (Blondel 1986) 
involves a set of evolutionary changes affecting these communities when compared 
to continental ones 1. e. less species, a wider ecological niche, a lower predation 
pressure and some phenotypical changes (general morphology, increase in size . . .). 

The changes of the width of the niche observed in insular rodents are generally 
interpreted as a consequence of the weakening of the competitive interactions and 
of a lower predation pressure. Furthermore, a reduction of the capabilities of 
spreading is observed (Crowell 1973, Sullivan 1977, Tamarin 1977) as well as popula- 
tion density changes (increase: Sullivan 1977, Tamarin 1977, Gliwicz 1980, Crowell 
1983, Adler et al. 1986, Granjon & Cheylan 1988, decrease: Delany 1970, Adler & 
Tamarin 1984), a reduction of the aggressivity (Halpin & Sullivan 1978), and altera- 
tions of demographic or social characteristics (Gliwicz 1980)). These modifications 
lead the insular populations towards a «k-selected» demographic strategy (Berry & 
Jakobson 1975, Tamarin 1978). 

Taking previous works (Wilson 1961, Carlquist 1966) into account, Macarthur & 
Wilson (1967) defined a “taxon cycle” comprising three successive phases of the 
evolution of insular communities: a. invasion of secondary habitats (low succes- 
sional stages: open, unpredictable or degraded habitats) by «r-selected» species; b. 
occupation of primary habitats (forests) leading to a weakening of the dispersal 


148 R. Libois, R. Fons & D. Bordenave 


capabilities and progressively towards «k-selected» demographic traits; c. differentia- 
tion and even speciation. 

These authors point out the role of the interspecific competition which drives the 
first colonizing species into the forested habitats and leads to a high degree of isola- 
tion and finally to a distinct evolution. 

Though several authors have had some reservations about the importance of com- 
petition (Connell 1983, Schoener 1983, Bradley & Bradley 1985) many examples con- 
firm the merits of that hypothesis at least in birds and reptiles (Brown & Gibson 
1983, Pacala & Roughgarden 1985, Rummel & Roughgarden 1985). As far as mam- 
mals are concerned, some observations dealing with insular rodent communities lead 
to the same conclusions (Grant 1972, Crowell 1973 and 1983, Crowell & Pimm 1976, 
Hallett 1982, Hallett et al. 1983, Dueser & Porter 1986, Granjon & Cheylan 1988). 

So, in insular communities, the isolation and the decrease of the interspecific com- 
petition can provide the required conditions for a geographical differentiation of the 
species or even for a rapid speciation involving selective mechanisms or stochastic 
effects. 

The present contribution will discuss the various hypotheses related to the evolu- 
tion of wild populations living in insular conditions by examining the Corsican wood 
mouse skull morphological variability. 

Despite several morphological studies (Kahmann 1969, Pasquier 1974, Darviche 
1978) and a general revision of the genus Apodemus throughout France (Saint 
Girons 1966 and 1967), the taxonomic status of the Corsican field mouse remained 
unclear for a long time. 

Kahmann (1969) has shown that Corsican and Sardinian field mice generally have 
a fifth root on their first upper molar. In this regard, these animals differ con- 
siderably from the existing continental populations of A. sylvaticus and of A. 
flavicollis. Kahmann, however, did not decide on the taxonomic position of these in- 
sular mice. Filipucci (1987) found that the Sardinian wood mice were genetically very 
close to those from Elba and that these Tyrrhenian mice were closely related to those 
from the Italian peninsula. However, extending these observations to the Corsican 
mice is difficult since she has no samples from Corsica nor from Southern France 
for comparison. 


Other studies have shown that in many regards (e. g. tail, hind foot and head and 
body length, most of the skull dimensions) the Corsican mice are significantly larger 
than continental sylvaticus and smaller than flavicollis (Darviche 1978, Orsini & 


Cheylan 1988, Libois & Fons 1990). 
To which species do they belong? The first unquestionable evidence of the 


presence of A. sylvaticus in Corsica was given by Benmehdi et al. (1979) who made 
electrophoretical comparisons between Corsican mice and continental samples com- 
prising individuals belonging to both Apodemus species. Nevertheless, we have to 
keep in mind that this fact does not exclude the eventual presence of the second 
species on the island: the mice studied in this way were indeed few and originated 
from the same locality (Manso). 


The present study is an attempt to generalize these observations and to examine 
the extent of the morphometrical variability of the Corsican wood mouse. 
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Fig. 1: Sample localities of mice in Corsica. Number of individuals in parentheses. 
Live-trapped mice: C: Corti (1); E: Evisa (4); T Tiuccia (1). 

Skulls: 1 Olmi-Capella (50); 2 Cateri (92); 3 San Antonino (6); 4 Santa Reparata (15); 5 Pan- 
cheraccia (62); 6 Ville di Paraso (67); 7 Zilia (34); 8 Montemaggiore (67); 9 Avapessa (6); 10 
Sarrola-Carcopino (29); 11 Cuttoli-Curticchiato (1); 12 Piana (3); 13 Aïti (2); 14 Murzu (1); 
15 Vico (53); 16 La Canonica (3). 


Material 


Mice skulls (n = 491) were extracted from barn owl pellets collected in towers, churches and 
old houses all over the northern part of Corsica during the years 1980 and 1981 (Fig. 1). 

On the mainland, we also collected barn owl pellets in Viens (Vaucluse; n = 49) and Belflou 
(Aude; n = 35) to sample Mediterranean populations of A. sylvaticus. To compare all that 
material with the nominal subspecies and with A. flavicollis, we made similar sampling in 
several localities of Belgium spread in the provinces of Liège, Luxembourg and Namur. The. 
specific identity of these skulls was ascertained using the discriminant functions computed by 
Van der Straeten & Van der Straeten-Harrie (1977). Sample size is 47 for A. s. sylvaticus and 
86 for A. flavicollis. 

During the spring 1981, six Corsican mice were live trapped in three different localities. They 
were kept in captivity for further blood analyses. In the same way, we caught three A. favicollis 
and two A. sylvaticus in the forests of Florenville (South Belgium). 


Methods 


Biochemistry 

Blood samples were taken by retroorbital puncture and the blood treated as described in 
Debrot & Mermod (1977). An electrophoresis of seralbumins was performed on an agarose 
gel (20 Vcm~') and the proteins stained with Coomassie blue. 
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Fig. 2: Schematic view of a mouse skull. 1 Length Prosthion-Palation, 2 Length of foramen 
incisivum, 3 Length of diastema, 4 Length Incisor-M1], 5 Least Interorbital Constriction, 
6 Width of palate at M1, 7 Length of upper molar row, 8 Width of dental arch, 9 Width of 
nasals, 10 Length of nasals, 11 Length of lower molar row, 12 Width of choana, 13 Depth of 


incisor. 


Morphology 
The 13 skull measurements taken are shown in fig. 2. The precision (to the nearest 1/20th mm) 
was determined under a binocular lens. The skulls were sorted in age classes according to the 
criteria defined by Felten (1952). When a mouse skull was recovered alone in a pellet and 
associated with one pelvic girdle, the sex of the mouse was determined following the method 
described by Brown & Twigg (1969). 

The number of the roots of the M? and the presence of a well developed t9 on the M? were 
also scored. 


Statistics 

Simple statistics (mean, standard deviation, variation coefficient) were calculated for all the 
variables, by sex, age class or locality group. One and two-way analyses of variance were per- 
formed to check the origin of the variability in the data set. These F-tests were completed by 
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a principal component analysis dealing with 12 out of the variables (N! 11 has been rejected). 
All the calculations were performed using the software Biomeco (Groupe Biométrie 1988). 


Results 
Biochemistry 


The electrophoretic pattern of the six Corsican mice studied is very similar to that 
of the Belgian sylvaticus (only one spot) and differs from the flavicollis pattern (two 
spots). 


Morphology 


The presence of a fifth root on the M1 was observed in a very high number of the 
Corsican mice as compared with those from Belgium (Table 1). The X2 value (271.9) 
is very highly significant. There is, however, a strong similarity between the Belgian 
sylvaticus and flavicollis samples (X2 = 0.0037; p <0.05) and a slight, though non- 
significant, difference (X? or = 2.45; p >0.05) between both mainland forms of A. 
sylvaticus. 

No difference was found between males and females (X2 = 0.0086, N. S.) in Cor- 
sica nor between age classes in Belgium (X2.orr = 0.832, N. S. and X2.o,, = 0.896, N. 
S. respectively for sy/vaticus and for flavicollis). In Corsica, the frequency of a fifth 
root on the MT seems to be somewhat lower in the oldest mice (age class 5) (X2cor 
932 p =~0.025). 

We also found strong differences related to the localities in the fifth root frequency 
(X? = 32.73, p <0.001). That frequency is significantly lower in the localities 1 and 


Table 1: Number of roots on the first upper molar. 


Root number 


Belgium flavicollis 
Belgium sylvaticus 
France sylvaticus 
Corsica Total 


males 
females 


age class 2 
age class 3 
age class 4 
age class 5 


locality 
locality 
locality 
locality 
locality 
locality 
locality 10 
locality 15 
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Table 2: Presence of a well developed t9 on the second upper molar. (* not well developed 
but present) 


Belgium sy/vaticus 


Belgium flavicollis 
Corsica 
Southern France 





2 (72.1 %) than in the samples 6, 7, 8 and 15 (93.2 %). The localities 5 and 10 show 
an intermediate value (81.3 %). 

As the presence of a well developed t? on the second upper molar is concerned, 
we found no frequency difference between the Corsican mice and the mainland 
sylvaticus ones (X? = 4.81, N. S.) (Table 2). The difference is highly significant when 
flavicollis is considered (X? = 118.60, p <0.001). 


Biometry 


Simple statistics (mean, variance and variation coefficient) are presented in table 3. 
Note that we found no statistical difference between the two samples of mice col- 
lected in southern France except for V8. These two samples were thus pooled in the 
further calculations. Considering the whole Corsican data set, all the frequency 
distributions of the skull measurements show only a single mode. Though of the 
same order of magnitude, the variation coefficient is generally lower in the Corsican 
mice than in the others and except in a few cases (variables 5, 8 and 12), the values 
of the means for the Corsican mice fall between those of A. flavicollis and the 
mainland A. sy/vaticus. Student’s t-tests were performed between the Corsican mice 
and the other samples. All the t values are significant at least at the 0.05 level except 
for V.6, V.12 and V.13 in the comparisons between the Corsican and the mainland 
French mice and for V.4, V.9 and V.10 between the two mainland sy/vaticus samples. 


Sexual dimorphism: We found no difference between males and females except 
for the diastema length and the choana width which are slightly greater in males 
(Student’s t-test significant respectively at the 0.02 and 0.04 levels). The one-way F- 
tests performed for each variable show no significant difference between the sexes. 
When the interaction with the age or the locality is considered (two-way ANOVA), 
the influence of the sex on the total variability of the data is rejected in all the cases 
(F values are never significant). The global F values taking into account the interac- 
tion between the sex and the age on the one hand, and between the sex and the locali- 
ty on the other hand, are also not significant in all the cases but one (palatal width). 


Variability due to the age: When the age is considered alone, all the computed 
F values (4 age classes) are highly (p <0.0005) significant with only four exceptions: 
the palatal width (p = 0.01), the choana width and the length of both (upper and 
lower) molar rows (not significant). 

The age group means of these ten skull dimensions showing significant age-varia- 
tions can be ranked in the following order: class 2 <class 3 <class 4 <class 5. 
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Table 3: Statistical description of Apodemus samples (n: number of observations, m: mean, 
s2: variance, cv: coefficient of variation). 


Belgium 
sylvaticus flavicollis 


Samples 


Corsica France 
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Table 4: Two-way (locality/age class) analysis of the variance. Signification levels of the F 
values. Age classes 3, 4 and 5 and localities 1, 2, 5, 6, 7, 8 and 15 are always included except 
for V11 (only localities 1 and 4). Locality 10 has been added for V6. 


Variable | l Source of variation l 
interaction age class locality 
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Fig. 3: Factor loadings of the skull dimensions on the two first principal components. Variable 


numbers are the same as in fig. 2. 


<0.0005 
<0.0005 
<0.0005 
<0.0005 
= ().0005 
=0.025 
INAS: 
<0.0005 
<0.0005 
<0.0005 
NaS 
< 0.05 
<0.0005 


<0.01 
N. S. 
= OG 
Noo 
<0.0005 
<0.0005 
BA 13 
<0.0005 
<0.0005 
= (0.005 
N. S. 
<0.01 
NS: 
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Fig. 4: Scattergram of the male and female Corsican field mice in the space of the two first 
principal components (F1 & F2). 





Fig. 5: Scattergram of the clouds of four age groups of Corsican field mice in the space 
Fl X F2. Age class numbers as in Felten (1952). 
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Stational variability: The F tests performed to compare the samples originating 
from different localities in Corsica are highly significant (p <0.01 except in V.4, 
where p <0.05), suggesting that there are strong stational differences for all the 
studied skull dimensions. 

Taking into consideration the interaction between the age class and the locality, 
we obtained the results of table 4 where the locality appears as a main source of 
variation in all but four variables. 


Principal Component Analysis: The part of the total variability extracted by 
the principal axes is 45.2 % on F1; 12.3 % on F2; 7.6 % on F3 and 6.9 % on F4. 

Since all the variables but one (choana width) are positively correlated to the F1 
axis, Fl must be considered as a size axis. F2 is rather a shape axis because some 
of the variables are positively and some others negatively correlated to it. 

Consequently, the bigger a mouse is, the more distant to the right of the diagram 
it lies. Along the F2 axis, the mice with a thinner and longer rostrum are positively 
correlated in contrast to those with a broader palate (Fig. 3). 

In fig. 4, the total overlap between the male and female clusters of Corsican mice 
appears clearly. 

In fig. 5, it can be seen that the age clusters rank according to growth. 

As far as local variations are concerned, fig. 6 shows slight differences between 
the samples, sample 1 comprising many of the biggest mice with a thin and long 
muzzle. Nevertheless, the overlap between all these samples is by far much more im- 
portant than the overlap between the “global” Corsican cluster and the mainland 
sylvaticus ones, on the one hand, and between the same Corsican cluster and the 
flavicollis one, on the other hand (Fig. 7). The minor differences between the two 
mainland populations of sylvaticus are also worth to be mentioned. 

In order to specify the meaning of these variations, we computed the Coefficient 
of Difference of Mayr et al. (1953) [(meanı — meanz)/(std1+std2)] between the adult 
individuals (age class 4) of the samples 1, 2, 5, 6, 7, 8 and 15. It was performed for 
all the variables with the exception of V.11. 

The highest values of that coefficient are observed between both species of 
Apodemus or between the Corsican mice and the continental populations of either 
species. It is worthwhile to notice that two CD values involving only Corsican 
samples are of the same importance (Table 5). 


Discussion 


From biochemical and morphological studies we can see that the seralbumins of the 
Corsican mice are of the sy/vaticus type and that their second upper molar does not 
lack a ninth cusp as is the case in A. flavicollis. In some cases, however, the t9 is re- 
duced in size but this is also true for continental sy/vaticus populations (Michaux 
1990). Both these characters being discriminative between A. flavicollis and A. 
sylvaticus (Pasquier 1974, Debrot & Mermod 1977), we can conclude that the long- 
tailed field mouse of Corsica belongs to the sylvaticus species. If A. flavicollis were 
present and relatively abundant in Corsica, we should have observed a bimodality 
in the frequency distribution of some morphometrical variables and the Corsican 
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Fig. 6: Scattergram of the clusters of different Corsican field mice samples in the space 
F1 X F2. Sample numbers as in fig. 1. 
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Fig. 7: Scattergram of the clusters of the four studied taxa of field mouse. C: Apodemus from 


Corsica; F: A. flavicollis from Belgium; SB: A. s. sylvaticus from Belgium; SSF: A. sylvaticus 
dichrurus (?) from Southern France. 


cluster (P. C. A.) should have been less compact and less regular in shape. Thus, the 
probablity of A. flavicollis being present on the island is low. 

Nevertheless, Corsican mice are quite different from the continental subspecies, 
namely by having a fifth root on their first upper molar. That character is shared 
with Sardinian mice which are also very similar to them in so far as other dental 
characters are considered (Michaux 1990). Unfortunately, we lack some comparisons 
between Corsican and Italian samples (insular and continental). Further studies are 
thus needed before drawing any conclusion about the subspecific status of the Cor- 
sican field mouse. 

The absence of a sexual dimorphism in the skull dimensions of the Corsican field 
mouse confirms what has been observed in other populations (e. g. Hedges 1969, Van 
der Straeten & Van der Straeten-Harrie 1977, Ramalhinho & Madureira 1982). 
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Table 5: Variables showing the highest values of the Coefficient of Difference (C. D.) in pai- 
red comparisons. C. D. = (mean(A) — mean(B)) / (std(A) + std(B)). 


Apodemus Apodemus Corsican samples 
Levels flavicollis sylvaticus 
(Belgium) 


Apodemus 
flavicollis V13 
Apodemus V7, V8 V7, V8 
sylvaticus 
(Belgium) 
Apodemus 
sylvaticus 
(France) 
Corsica 
sample 1 


VINS V1, V5, V10 
V3 
V 10 
V3, VS 


A 
B 
© 
A 
B 
C 
A 
B 
C 
A 
@ 





Level A: C. D. >1.0: 15 % of A individuals overlap 15 % of B individuals 
Level B: C. D. >0.9: 18 % of A individuals overlap 18 % of B individuals 
Level C: C. D. >0.8: 21 % of A individuals overlap 21 % of B individuals (after Gery, 1962) 


The differences between age classes are not surprising. They are undoubtedly 
related to growth processes and account for a significant part of the observed 
variability. 

Another important source of variability is a “geographical” one. Indeed, we 
observed some differences between samples collected in various localities. Generally, 
these differences are statistically significant but slight. The mice of sample 1 and, 
to a lesser extent, those of sample 2, however, seem to be rather distinct from the 
others: they are bigger and the frequency of a fifth root on the M is lower in both 
these samples than in all the others. These differences in size still cannot be satisfac- 
torily explained. Since sample 1 has been collected in Olmi Capella, the most 
elevated village of our research area, it can be suggested, as a hypothesis, that they 
should be related to altitude (Bergmann’s rule). They could also be the consequence 
of a lower competition with the black rat and the house mouse whose density 
decreases with rising altitude (Libois 1984). 

A point to highlight is the general increase in skull size of the Corsican mice. As 
compared with the other Corsican rodent species (black rat, house mouse and garden 
dormouse), the wood mouse shows the greater morphological differences in respect 
to continental populations (Orsini & Cheylan 1988). 

That fact must be emphasized more especially as, all over South-West Europe, the 
recent and fossil wood mice of the sylvaticus-flavicollis group have remained 
phenotypically remarkably stable throughout the last three million years (Pasquier 
1974, Michaux 1983). In continental Europe, there is a clear size and weight increase 
in south-western sy/vaticus populations compared to more eastern or northern ones, 
which are sympatric with A. flavicollis (Ursin 1956, Alcantara 1991). In Israël, Tcher- 
nov (1979) has shown that during the Middle and Upper Pleistocene, the size of A. 
sylvaticus was strongly affected independently of climate, becoming larger in the 
absence of its competitor, A. flavicollis. Corsican mice, however, are far more larger 
than continental ones belonging to allopatric populations (Libois & Fons 1990; this 
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study). Following Angerbjôrn (1986), a size increase seems rather general in island 
populations of that species, mainly on the smaller islands, (1. e., for the west Mediter- 
ranean realm: Pantelleria: Felten & Storch 1970; Elba: Kahmann & Niethammer 
1971; Formentera: Sans-Coma & Kahmann 1977; Porquerolles: Libois & Fons 1990). 
Angerbjôrn thinks that it is induced by a weakening of the interspecific competition 
and by a reduction of the predation pressure in insular conditions: less competitors 
and less predators could allow an enlargement of the trophic niche of the mouse 
which can take advantage of a greater size in exploiting more diversified food 
resources. Could this be the case in Corsica? 


As quoted by many authors (Macarthur & Wilson 1967, Blondel 1986, Williamson 
1981) the depletion of the number of insular species is somewhat balanced by a 
population density increase of these species and by a widening of their ecological 
niche. 


In Corsica, the number of mammalian species is reduced to 38 % when compared 
with similar continental areas. Considering the three Corsican murid species, it ap- 
pears that the densities of both the black rat and the house mouse are higher on the 
island than in similar continental habitats. This is not the case for the wood mouse 
(Orsini 1982; Cassaing & Croset 1985, Boitani et al. 1985, Cheylan 1986). Similar 
observations were made by Libois (1984) about the habitat width of these three 
species. The insular density increase and the widening of the ecological niche are 
generally thought to be a consequence of a decrease of predation pressure and of 
interspecific competition (Lidicker 1973, Tamarin 1977, Cheylan & Granjon 1985). 


Assuming that the predation pressure on the wood mouse and on the house mouse 
is of a similar level, since their body size is nearly the same, the fact that no density 
or habitat width increase is observed in the wood mouse populations could be linked 
with the persistence of the interspecific competition. 


From the history of murid settlement in Corsica, we can see that during the 
Pleistocene and at the beginning of the Holocene, only two rodent species were living 
in Corsica: Rhagamys orthodon (Muridae) and Tyrrhenicola henseli (Microtidae). 
They vanished at the end of the first millennium B. C. (Vigne 1983a, b). Whereas 
the oldest remains of the black rat (Rattus rattus) trace back to the VIth century B. 
C. (Vigne & Marinval-Vigne 1985) and no fossil remains of Mus have ever been found 
in Corsica, it is established that the wood mouse did appear on the island at the 
beginning of the third millennium B. C. and did coexist there with the two endemic 
rodents. Nevertheless, its skull remains are far less numerous than those of Rhagamys 
and of Tÿrrhenicola, at least until the end of the first millennium B. C. (Vigne 
1983b). Taking into account the larger size of Rhagamys and Thyrrhenicola (nearly 
50 g, Michaux, pers. comm. in Granjon & Cheylan 1988), could we assume that, in 
syntopic conditions, the wood mouse was dominated and that its spread all over the 
island was slowed down? The very rapid and simultaneous disappearance of both 
endemic rodents corresponds to the Europe-wide spread of the black rat (Armitage 
et al. 1984) and to the arrival of that latter species in Corsica. Vigne & Marinval- 
Vigne (1991) think that this event could be the main reason explaining the extinction 
of the endemic rodents. 
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As soon as it Was present on the island, the wood mouse faced important com- 
petitive pressure from the other larger rodents. For ecological reasons, it is however 
most unlikely that the thermophilic black rat and house mouse, could quickly reach 
cool climate forests and mountain habitats where the wood mouse and the dormice 
(Glis glis and Eliomys quercinus) live. Consequently, the wood mouse is the only 
species belonging to the Corsican murid guild which is able to colonize the middle- 
mountain forest habitats where the interspecific competition is weakened. 


Conclusions 


First, our results confirm that the Corsican long-tailed field mouse belongs to 
Apodemus sylvaticus. 

Secondly, they show that this mouse differs significantly from continental popula- 
tions of the same species, namely in respect to skull size. However, the question of 
a distinct subspecific rank for the Corsican mouse remains open: more data about 
other Mediterranean insular and continental populations are needed before drawing 
a general conclusion on this point. 

Thirdly, they reinforce the idea that the increase in size seems to be a general pat- 
tern of adaptation of the species to insular conditions (less interspecific competition) 
and not an effect of any genetic drift. 
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